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CHEMICAL MECHANICAL POLISHING 
APPARATUS WITH NON-CONDUCTIVE 

ELEMENTS 

REFERENCE TO PRIORAPPLICATION 

0001. This application claims the benefit of priority of 
U.S. Provisional Application Serial No. 60/452,406, entitled 
“CHEMICAL MECHANICAL POLISHINGAPPARATUS 
WITH NON-CONDUCTIVE ELEMENTS," filed Mar. 4, 
2003, which is hereby incorporated by reference. 

BACKGROUND 

0002 This invention relates to semiconductor manufac 
turing, and more particularly to endpoint detection. 
0003. An integrated circuit is typically formed on a 
Substrate by the Sequential deposition of conductive, Semi 
conductive or insulative layers on a Silicon wafer. One 
fabrication Step involves depositing a filler layer over a 
non-planar Surface, and planarizing the filler layer until the 
non-planar Surface is exposed. For example, a conductive 
filler layer can be deposited on a patterned insulative layer 
to fill the trenches or holes in the insulative layer. The filler 
layer is then polished until the raised pattern of the insulative 
layer is exposed. After planarization, the portions of the 
conductive layer remaining between the raised pattern of the 
insulative layer form Vias, plugs and lines that provide 
conductive paths between thin film circuits on the Substrate. 
In addition, planarization is needed to planarize the Substrate 
Surface for photolithography. 
0004 Chemical mechanical polishing (CMP) is one 
accepted method of planarization. This planarization method 
typically requires that the Substrate be mounted on a carrier 
or polishing head. The exposed Surface of the Substrate is 
placed against a rotating polishing disk pad or belt pad. The 
polishing pad can be either a "standard” pad or a fixed 
abrasive pad. A Standard pad has a durable roughened 
Surface, whereas a fixed-abrasive pad has abrasive particles 
held in a containment media. The carrier head provides a 
controllable load on the Substrate to push it against the 
polishing pad. A polishing Slurry, including at least one 
chemically reactive agent, and abrasive particles if a Standard 
pad is used, is Supplied to the Surface of the polishing pad. 
0005 One problem in CMP is determining whether the 
polishing process is complete, i.e., whether a Substrate layer 
has been planarized to a desired flatneSS or thickness, or 
when a desired amount of material has been removed. 
Overpolishing (removing too much) of a conductive layer or 
film may lead to increased circuit resistance. On the other 
hand, underpolishing (removing too little) of a conductive 
layer may lead to electrical shorting. Variations in the initial 
thickness of the Substrate layer, the Slurry composition, the 
polishing pad condition, the relative Speed between the 
polishing pad and the Substrate, and the load on the Substrate 
can cause variations in the material removal rate. These 
variations cause variations in the time needed to reach the 
polishing endpoint. Therefore, the polishing endpoint cannot 
be determined merely as a function of polishing time. 
0006. One way to determine the polishing endpoint is to 
remove the Substrate from the polishing Surface and examine 
it. For example, the Substrate can be transferred to a metrol 
ogy Station where the thickness of a Substrate layer is 
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measured, e.g., with a profilometer or a resistivity measure 
ment. If the desired Specifications are not met, the Substrate 
is reloaded into the CMP apparatus for further processing. 
This is a time-consuming procedure that reduces the 
throughput of the CMP apparatus. Alternatively, the exami 
nation might reveal that an excessive amount of material has 
been removed, rendering the Substrate unusable. 
0007 More recently, in-situ monitoring of the substrate 
has been performed, e.g., with optical or capacitance Sen 
Sors, in order to detect the polishing endpoint. Other pro 
posed endpoint detection techniques have involved mea 
Surements of friction, motor current, Slurry chemistry, 
acoustics and conductivity. One detection technique that has 
been considered is to induce an eddy current in the metal 
layer and measure the change in the eddy current as the 
metal layer is removed. 

SUMMARY 

0008. In general, in one aspect a carrier head may include 
a non-conductive Substrate backing assembly, which may 
include a flexible membrane and one or more clamp rings. 
The carrier head may include a base assembly, where Some 
components of the base assembly may be non-conductive. 
The carrier head may include a housing, which may include 
non-conductive elements. Portions of the carrier head within 
a Sensing distance of the Substrate mounting Surface may be 
non-conductive. The Sensing distance may be between about 
one tenth of an inch and about two inches, depending on a 
number of factors. 

0009. The non-conductive elements of the carrier head 
may also be nonmagnetic. That is, they may have a relatively 
Small magnetic permeability and a relatively large resistiv 
ity. In Some implementations, Some elements may be con 
ductive but non-magnetic. For example, non-magnetic fas 
tenerS Such as aluminum fastenerS may be used rather than 
magnetic fastenerS Such as Steel fasteners. 
0010. In general, in another aspect, a polishing System 
may include a polishing pad having a polishing Surface, a 
carrier to hold a Substrate against the polishing Surface of the 
polishing pad, and an eddy current monitoring System 
including an induction coil positioned on a Side of the 
polishing Surface opposite the Substrate. The induction coil 
may be to generate a magnetic field through the pad into a 
Sensing region of the System. Components of the polishing 
System with at least a portion positioned within a Sensing 
distance of the polishing pad in the Sensing region may be 
non-conductive. The Sensing distance may be a distance 
beyond which the eddy current signal from one or more 
conductive components of the System is not discernible over 
a noise Signal. The Sensing distance may be a distance 
beyond which the eddy current Signal from the one or more 
conductive components of the System in the Sensing region 
is about equal to or less than an error amount corresponding 
to an acceptable amount of Sign inaccuracy. 
0011. The details of one or more implementations are set 
forth in the accompanying drawings and the description 
below. Other features and advantages will be apparent from 
the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

0012 FIG. 1 is a schematic exploded perspective view of 
a chemical mechanical polishing apparatus. 
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0013 FIG. 2A is a schematic side view, partially cross 
Sectional, of a chemical mechanical polishing apparatus 
including an eddy current monitoring System. 
0.014 FIG. 2B is a schematic top view of a chemical 
mechanical polishing apparatus including an eddy current 
monitoring System, showing a path of a Sensor Scan acroSS 
a wafer. 

0.015 FIG. 3 is a schematic circuit diagram of the eddy 
current monitoring System. 
0016 FIGS. 4A-4C are schematic cross-sectional views 
of a polishing pad. 

0017 FIG. 5 is a schematic cross-sectional view illus 
trating a magnetic field generated by the monitoring System. 
0.018 FIG. 6 is a schematic perspective view of a core 
from an eddy current Sensor. 
0019 FIGS.7A-7D schematically illustrating a method of 
detecting a polishing endpoint using an eddy current Sensor. 
0020 FIG. 8 is a graph illustrating a trace from the eddy 
current monitoring System. 
0021 FIG. 9 is a schematic diagrams an eddy current 
monitoring System that Senses a phase shift. 
0022 FIGS. 10A and 10B are schematic circuit dia 
grams of two implementations of an eddy current monitor 
ing system of FIG. 9. 
0023 FIG. 11 is a graph illustrating a trace from the eddy 
current monitoring System that measures phase shift. 
0024 FIG. 12 is a cross-sectional view of a simplified 
representation of an electromagnetic field distribution rela 
tive to an eddy current Sensor System and a Substrate in a 
chemical mechanical polishing apparatus. 

0.025 FIG. 13 is a cross-sectional view of a carrier head 
for a chemical mechanical polishing apparatus. 
0.026 FIG. 14 is a cross-sectional view of another carrier 
head for a chemical mechanical polishing apparatus. 
0.027 FIG. 15 is a cross-sectional view of another carrier 
head for a chemical mechanical polishing apparatus. 
0028 FIG. 16 is a plot of eddy current signal versus time 
for two implementations of a chemical mechanical polishing 
System. 

0029. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0030 The current disclosure provides methods and appa 
ratus for improving an eddy current Sensing System by 
providing non-conductive and/or non-magnetic elements in 
regions where conductive or magnetic elements may affect 
the eddy current Signal. 
0031. In a chemical mechanical polishing apparatus with 
an eddy current monitoring System, changes in a conductive 
layer on a wafer may be monitored by detecting an ampli 
tude and/or a phase of a received signal. In Some imple 
mentations, an amplitude Signal may be more Sensitive to 
changes in polishing pad thickness (e.g., due to pad wear or 
Swelling) than a phase signal. Because of this effect, detect 
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ing a phase Signal may provide a more accurate measure of 
changes in the conductive layer. 
0032. However, the phase signal may be more susceptible 
to the effect of eddy currents generated in regions outside the 
conductive region of interest. For example, the phase Signal 
may be non-monotonic (i.e., two different conductive layer 
thicknesses may correspond to the same phase value) due to 
eddy currents generated in the chemical mechanical polish 
ing System rather than in the conductive region on the wafer. 
0033. Therefore, in order to provide an eddy current 
Sensing Signal that more accurately reflects the thickness of 
one or more conductive regions on a wafer being polished, 
the current application describes a CMP apparatus where 
those portions of a CMP carrier head that may prevent a 
Suitably accurate measurement of a conductive layer on a 
wafer are fabricated using non-conductive materials and/or 
non-magnetic materials (materials with low magnetic per 
meability). For example, parts of a CMP carrier head that are 
proximate to a Substrate during polishing may be fabricated 
from non-conductive and/or non-magnetic materials rather 
than conductive, magnetic materials. Such as Steel. 
0034) Reducing extraneous contributions from the sensed 
eddy current signal is particularly important in emerging 
Systems that use real-time profile control. In real time profile 
control, the Sensed eddy current Signal is used to update 
polishing parameters in real time. Noise in the eddy current 
Signal may prevent the real-time profile control System from 
accurately controlling polishing parameters. 
0035) Referring to FIGS. 1 and 2A, one or more sub 
strates 10 can be polished by a CMP apparatus 20. A 
description of a similar polishing apparatus 20 can be found 
in U.S. Pat. No. 5,738,574, the entire disclosure of which is 
incorporated herein by reference. Polishing apparatus 20 
includes a Series of polishing Stations 22 and a transfer 
station 23. Transfer station 23 transfers the Substrates 
between the carrier heads and a loading apparatus. 
0036) Each polishing station includes a rotatable platen 
24 on which is placed a polishing pad 30. The first and 
Second Stations can include a two-layer polishing pad with 
a hard durable outer Surface or a fixed-abrasive pad with 
embedded abrasive particles. The final polishing Station can 
include a relatively Soft pad. Each polishing Station can also 
include a pad conditioner apparatus 28 to maintain the 
condition of the polishing pad so that it will effectively 
polish Substrates. 
0037. A rotatable multi-head carousel 60 Supports four 
carrier heads 70. The carousel is rotated by a central post 62 
about a carousel axis 64 by a carousel motor assembly (not 
shown) to orbit the carrier head Systems and the Substrates 
attached thereto between polishing Stations 22 and transfer 
station 23. Three of the carrier head systems receive and 
hold Substrates, and polish them by pressing them against 
the polishing pads. Meanwhile, one of the carrier head 
Systems receives a Substrate from and delivers a Substrate to 
transfer station 23. 

0038 Each carrier head 70 is connected by a carrier drive 
shaft 74 to a carrier head rotation motor 76 (shown by the 
removal of one quarter of cover 68) so that each carrier head 
can independently rotate about it own axis. In addition, each 
carrier head 70 independently laterally oscillates in a radial 
slot 72 formed in carousel Support plate 66. A description of 
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a Suitable carrier head 70 can be found in U.S. Pat. No. 
6,183,354, filed May 21, 1997, issued Feb. 6, 2001, the 
entire disclosure of which is incorporated herein by refer 
ence. A description of other carrier heads may be found 
below. In operation, the platen is rotated about its central 
axis 25, and the carrier head is rotated about its central axis 
71 and translated laterally acroSS the Surface of the polishing 
pad. 
0.039 A slurry 38 containing one or more chemically 
reactive agents Such as catalyzers and oxidizers can be 
Supplied to the Surface of polishing pad 30 by a slurry Supply 
port or combined slurry/rinse arm 39. If polishing pad 30 is 
a Standard pad, slurry 38 can also include abrasive particles. 
0040. When a CMP apparatus is removing conductive 
material from the Surface of a Substrate, an eddy current 
monitoring System may be used to monitor changes in one 
or more conductive regions. Referring to FIGS. 2A and 3, 
an in-Situ eddy current monitoring System may be provided 
in a chemical mechanical polishing System. A receSS 26 is 
formed in platen 24, and a thin section 36 can be formed in 
polishing pad 30 overlying recess 26. Aperture 26 and thin 
pad Section 36, if needed, are positioned Such that they pass 
beneath Substrate 10 during a portion of the platen's rotation, 
regardless of the translational position of the carrier head. 
ASSuming that polishing pad 32 is a two-layer pad, thin pad 
section 36 can be constructed as shown in FIG. 4A by 
removing a portion 33 of backing layer 32. Alternatively, as 
shown in FIG. 4B, thin pad section 36' can be formed by 
removing a portion 33' of both backing layer 32' and a 
portion of cover layer 34'. Thus, this implementation has a 
recess in the bottom surface of cover layer 34 in the thin pad 
Section36. If the polishing pad is a single-layer pad, thin pad 
Section 36 can be formed by removing a portion of the pad 
material to create a receSS in the bottom Surface of the pad. 
Alternatively, as shown in FIG. 4C, thin pad section 36" can 
be formed by inserting a plug 37 of a different material into 
polishing pad 30. For example, the plug can be a relatively 
pure polymer or polyurethane, e.g., formed without fillers. 
In general, the material of pad Section 36 should be non 
magnetic and non-conductive. If the polishing pad is itself 
Sufficiently thin or has a magnetic permeability (and con 
ductivity) that does not interfere with the eddy current 
measurements, then the pad does not need any modifications 
O CCCSSCS. 

0041) Returning to FIGS. 2A and 3, an in-situ eddy 
current monitoring System 40, which can function as an 
endpoint detector, includes a drive System 48 to induce eddy 
currents in a metal layer on the Substrate and a Sensing 
system 58 to detect eddy currents induced in the metal layer 
by the drive system. The monitoring system 40 includes a 
core 42 positioned in receSS 26 to rotate with the platen, a 
drive coil 44 wound around one part of core 42, and a Sense 
coil 46 wound around a second part of core 42. For drive 
system 48, monitoring system 40 includes an oscillator 50 
connected to drive coil 44. For sense system 58, monitoring 
system 40 includes a capacitor 52 connected in parallel with 
sense coil 46, an RF amplifier 54 connected to sense coil 46, 
and a diode 56. The oscillator 50, capacitor 52, RF amplifier 
54, and diode 56 can be located apart from platen 24, and can 
be coupled to the components in the platen through a rotary 
electrical union 29. 

0042. Referring to FIG. 5, in operation the oscillator 50 
drives drive coil 44 to generate an oscillating magnetic field 
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48 that extends through the body of core 42 and into the gap 
between the two poles 42a and 42b of the core. At least a 
portion of magnetic field 48 extends through thin portion 36 
of a polishing pad and into substrate 10. If a metal layer 12 
is present on Substrate 10, oscillating magnetic field 48 
generates eddy currents in the metal layer 12. The eddy 
currents cause the metal layer 12 to act as an impedance 
Source in parallel with Sense coil 46 and capacitor 52. AS the 
thickness of the metal layer changes, the impedance 
changes, resulting in a change in the Q-factor of Sensing 
mechanism. By detecting the change in the Q-factor of the 
Sensing mechanism, the eddy current Sensor can Sense the 
change in the Strength of the eddy currents, and thus the 
change in thickness of metal layer 12. 
0043. In operation, CMP apparatus 20 uses monitoring 
system 40 to determine when the bulk of the filler layer has 
been removed and the underlying Stop layer has been 
exposed. Monitoring system 40 can be used to determine the 
amount of material removed from the Surface of the Sub 
Strate. A general purpose programmable digital computer 90 
can be connected to amplifier 56 to receive the intensity 
Signal from the eddy current Sensing System. Computer 90 
can be programmed to Sample amplitude measurements 
from the monitoring System when the Substrate generally 
overlies the core, to Store the amplitude measurements, and 
to apply the endpoint detection logic to the measured signals 
to detect the polishing endpoint. Possible endpoint criteria 
for the detector logic include local minima or maxima, 
changes in slope, threshold values in amplitude or slope, or 
combinations thereof. 

0044) Referring to FIG.2B, the core 42, drive coil 44 and 
sense coil 46 of the eddy current sensor located below thin 
section 36 of polishing pad 32 Sweep beneath the substrate 
with each rotation of the platen. Therefore, the computer 90 
can also be programmed to divide the amplitude measure 
ments from each Sweep of the core beneath the Substrate into 
a plurality of Sampling Zones 96, to calculate the radial 
position of each Sampling Zone, to Sort the amplitude mea 
Surements into radial ranges, to determine minimum, maxi 
mum and average amplitude measurements for each Sam 
pling Zone, and to use multiple radial ranges to determine the 
polishing endpoint, as discussed in U.S. patent application 
Ser. No. 09/460,529, filed Dec. 13, 1999, the entirety of 
which is incorporated herein by reference. 

0045 Since the eddy current sensor Sweeps beneath the 
Substrate with each rotation of the platen, information on the 
metal layer thickneSS is being accumulated in-situ and on a 
continuous real-time basis. In fact, the amplitude or phase 
(or both) measurements from the eddy current Sensor can be 
displayed on an output device 92 during polishing to permit 
the operator of the device to visually monitor the progreSS of 
the polishing operation. 

0046) Moreover, after sorting the amplitude measure 
ments into radial ranges, information on the metal film 
thickness can be fed in real-time into a closed-loop control 
ler to periodically or continuously modify the polishing 
preSSure profile applied by a carrier head, as discussed in 
U.S. patent application Ser. No. 60/143,219, filed Jul. 7, 
1999, the entirety of which is incorporated herein by refer 
ence. For example, the computer could determine that the 
endpoint criteria have been Satisfied for the outer radial 
ranges but not for the inner radial ranges. This would 
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indicate that the underlying layer has been exposed in an 
annular outer area but not in an inner area of the Substrate. 
In this case, the computer could reduce the diameter of the 
area in which pressure is applied So that pressure is applied 
only to the inner area of the Substrate, thereby reducing 
dishing and erosion on the outer area of the Substrate. 
Alternatively, the computer can halt polishing of the Sub 
Strate on the first indication that the underlying layer has 
been exposed anywhere on the Substrate, i.e., at first clearing 
of the metal layer. 
0047 Initially, referring to FIGS. 2A, 3 and 7A, oscil 
lator 50 is tuned to the resonant frequency of the LC circuit, 
without any Substrate present. This resonant frequency 
results in the maximum amplitude of the output signal from 
RF amplifier 54. 
0048. As shown in FIGS. 7B and 8, for a polishing 
operation, a Substrate 10 is placed in contact with polishing 
pad 30. Substrate 10 can include a silicon wafer 12 and a 
conductive layer 16, e.g., a metal Such as copper, disposed 
over one or more patterned underlying layerS 14, which can 
be semiconductor, conductor or insulator layers. The pat 
terned underlying layers can include metal features, e.g., 
Vias, pads and interconnects. Since, prior to polishing, the 
bulk of conductive layer 16 is initially relatively thick and 
continuous, it has a low resistivity, and relatively Strong 
eddy currents can be generated in the conductive layer. AS 
previously mentioned, the eddy currents cause the metal 
layer to function as an impedance Source in parallel with 
Sense coil 46 and capacitor 52. Consequently, the presence 
of conductive film 16 reduces the Q-factor of the sensor 
circuit, thereby significantly reducing the amplitude of the 
signal from RF amplifier 56. 
0049 Referring to FIGS. 7C and 8, as substrate 10 is 
polished, the bulk portion of conductive layer 16 is thinned. 
As the conductive layer 16 thins, its sheet resistivity 
increases, and the eddy currents in the metal layer become 
dampened. Consequently, the coupling between metal layer 
16 and Sensor circuitry 58 is reduced (i.e., increasing the 
resistivity of the virtual impedance Source). As the coupling 
declines, the Q-factor of the sensor circuit 58 increases 
toward its original value. 
0050 Referring to FIGS. 7D and 8, eventually the bulk 
portion of conductive layer 16 is removed, leaving conduc 
tive interconnects 16' in the trenches between the patterned 
insulative layer 14. At this point, the coupling between the 
conductive portions in the Substrate, which are generally 
Small and generally non-continuous, and Sensor circuit 58 
reaches a minimum. Consequently, the Q-factor of the 
Sensor circuit reaches a maximum value (although not as 
large as the Q-factor when the Substrate is entirely absent). 
This causes the amplitude of the output Signal from the 
Sensor circuit to plateau. Thus, by Sensing when the ampli 
tude of the output signal is no longer increasing and has 
leveled off (e.g., reached a local plateau), computer 90 can 
Sense a polishing endpoint. Alternatively, by polishing one 
or more test Substrates, the operator of the polishing machine 
can determine the amplitude of the output Signal as a 
function of the thickness of the metal layer. Thus, the 
endpoint detector can halt polishing when a particular thick 
neSS of the metal layer remains on the Substrate. Specifically, 
computer 90 can trigger the endpoint when the output Signal 
from the amplifier exceeds a Voltage threshold correspond 
ing to the desired thickness. 
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0051. The eddy current monitoring system can also be 
used to trigger a change in polishing parameters. For 
example, when the monitoring System detects a polishing 
criterion, the CMP apparatus can change the Slurry compo 
Sition (e.g., from a high-Selectivity slurry to a low selectivity 
slurry). As another example, as discussed above, the CMP 
apparatus can change the pressure profile applied by the 
carrier head. 

0052. In addition to sensing changes in amplitude, the 
eddy current monitoring System can calculate a phase shift 
in the Sensed signal. AS the metal layer is polished, the phase 
of the Sensed signal changes relative to the drive signal from 
the oscillator 50. This phase difference can be correlated to 
the thickness of the polished layer. One implementation of 
a phase measuring device, shown in FIG. 10A, combines the 
drive and Sense Signals to generate a phase shift signal with 
a pulse width or duty cycle which is proportional to the 
phase difference. In this implementation, two XOR gates 
100 and 102 are used to convert sinusoidal signals from the 
Sense coil 46 and oscillator 50, respectively, into Square 
wave signals. The two Square-wave signals are fed into the 
inputs of a third XOR gate 104. The output of the third XOR 
gate 104 is a phase shift signal with a pulse width or duty 
cycle proportional to the phase difference between the two 
Square wave Signals. The phase shift Signal is filtered by an 
RC filter 106 to generate a DC-like signal with a voltage 
proportional to the phase difference. Alternatively, the Sig 
nals can be fed into a programmable digital logic, e.g., a 
Complex Programmable Logic Device (CPLD) or Field 
Programmable Gate Array (FGPA) that performs the phase 
shift measurements. 

0053. The phase shift measurement can be used to detect 
the polishing endpoint in the same fashion as the amplitude 
measurements discussed above. Alternatively, both ampli 
tude and phase shift measurements could be used in the 
endpoint detection algorithm. An implementation for both 
the amplitude and phase shift portions of the eddy current 
monitoring system is shown in FIG. 10A. An implementa 
tion of the amplitude Sensing portion of the eddy current 
monitoring system is shown in FIG. 10B. An example of a 
trace generated by an eddy current monitoring System that 
measures the phase difference between the drive and Sense 
signals is shown in FIG. 11. Since the phase measurements 
are highly Sensitive to the Stability of the driving frequency, 
phase locked loop electronicS may be added. 

0054) A possible advantage of the phase difference mea 
Surement is that the dependence of the phase difference on 
the metal layer thickness may be more linear than that of the 
amplitude. In addition, the absolute thickness of the metal 
layer may be determined over a wide range of possible 
thicknesses. A phase difference measurement may addition 
ally be leSS Sensitive to changes in pad thickness than an 
amplitude measurement. 
0055. The eddy current monitoring system can be used in 
a variety of polishing Systems. Either the polishing pad, or 
the carrier head, or both can move to provide relative motion 
between the polishing Surface and the Substrate. The pol 
ishing pad can be a circular (or Some other shape) pad 
Secured to the platen, a tape extending between Supply and 
take-up rollers, or a continuous belt. The polishing pad can 
be affixed on a platen, incrementally advanced over a platen 
between polishing operations, or driven continuously over 
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the platen during polishing. The pad can be Secured to the 
platen during polishing, or there could be a fluid bearing 
between the platen and polishing pad during polishing. The 
polishing pad can be a standard (e.g., polyurethane with or 
without fillers) rough pad, a Soft pad, or a fixed-abrasive pad. 
Rather than tuning when the Substrate is absent, the drive 
frequency of the Oscillator can be tuned to a resonant 
frequency with a polished or unpolished Substrate present 
(with or without the carrier head), or to some other refer 
CCC. 

0056 Various aspects of the invention, such as placement 
of the coil on a side of the polishing Surface opposite the 
Substrate or the measurement of a phase difference, Still 
apply if the eddy current Sensor uses a Single coil. In a single 
coil system, both the oscillator and the Sense capacitor (and 
other Sensor circuitry) are connected to the same coil. 
0057. In an implementation of a semiconductor process 
ing apparatus, an in-situ eddy current monitoring System 
such as system 40 of FIGS. 2A and 3 may be used to 
monitor the thickness of a conductive layer and/or to detect 
an endpoint or other point in a Semiconductor process. The 
monitoring System may include a Sensing System Such as 
Sensing System 58 to detect eddy currents induced in a 
conductive layer, using a drive System Such as drive System 
48. In Some implementations, a core for a Sensing System 
may be positioned in a receSS in a platen. 
0.058. In order to obtain information about properties of a 
conductive layer on a Substrate, a time-dependent magnetic 
field may be produced using the drive System of the eddy 
current monitoring System. AS explained above, a conduc 
tive layer acts as an impedance Source and reduces the 
received signal. In order to provide an accurate measure of 
the thickness of a conductive layer (or accurate endpoint 
determination), the magnetic field needs to have Sufficient 
magnitude at the conductive layer So that it can have a 
measurable effect on the received signal. For conductive 
layers with higher resistivities (e.g., tungsten layers rather 
than copper layers), the magnetic field may need to have a 
greater amplitude, Since the magnitude of produced eddy 
currents is Smaller. 

0059. However, in order to provide a sufficient magnetic 
field in the conductive region of interest, the magnetic field 
may have a non-negligible amplitude in conductive and/or 
magnetic regions of the Semiconductor processing apparatus 
other than the conductive regions of interest. In Such cases, 
inaccuracies may be introduced into the received Signal. 
0060 Referring to FIG. 12, an eddy current monitoring 
Sensor assembly 1200 produces a varying magnetic field 
1205 in order generate eddy currents in one or more con 
ductive regions 1245 on a substrate 1240, in order to monitor 
the thickness of the conductive regions 1245. Assembly 
1200 includes a drive coil 1210 and a sense coil 1230 around 
a core 1220 for producing field 1205. The profile of mag 
netic field 1205 is generally determined by the geometry of 
eddy current Sensor assembly 1200; for example, core shape, 
orientation of windings, Shielding, and presence of conduc 
tive or magnetic material proximate to the Sensor. The 
maximum value of the time-dependent current in coil 1210 
may be Selected based on factorS Such as the resistivity of the 
material of conductive regions 1245. For example, in order 
to monitor the thickness of a relatively resistive conductive 
region 1245 (e.g., tungsten rather than copper), the eddy 
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current monitoring sensor assembly 1200 may provide more 
current to coil 1210 to produce a time-varying magnetic field 
of greater maximum magnitude. Depending on the details of 
assembly 1200, the magnetic field may have a non-negli 
gible magnitude beyond conductive region 1245. 
0061 During polishing, substrate 1240 is held against a 
polishing pad 1250 having a thin portion 1255 by a flexible 
membrane 1260. A plate 1270 proximate to the flexible 
membrane may be included in a carrier head assembly (e.g., 
plate 1410 of carrier head 1400FIG. 14 or carrier body 1526 
of carrier head 1500 of FIG. 15). FIG. 12 illustrates an 
implementation where the magnetic field generated by coil 
1210 has a non-negligible magnitude at plate 1270. If plate 
1270 is fabricated using a conductive and/or magnetic 
material such as a metal, plate 1270 will generate eddy 
currents, which may affect the Signal received at Sense coil 
1230, reducing the accuracy of the thickness or end point 
measurement being made. Therefore, fabricating plate 1270 
from a non-conductive, non-magnetic material Such as plas 
tic or ceramic may improve the accuracy of the eddy current 
monitoring System. 
0062 For a particular chemical mechanical polishing 
System using an eddy current monitoring Sensor assembly 
1200, a sensing distance D may be defined between, for 
example, a surface of core 1220 and a plane 1280, where 
portions of the chemical mechanical polishing System at a 
distance of D or less from the Surface of core 1220 are 
non-conductive, in order to improve the Sensing ability of 
the eddy current monitoring System. 
0063. The sensing distance D may correspond to a dis 
tance at which the eddy current Signal generated in conduc 
tive parts of the chemical mechanical polishing System 
rather than in conductive regions on the Substrate is not 
discernible over other noise in the Signal. Alternately, D may 
be chosen as a distance at which the eddy current Signal 
generated in conductive parts of the System is Small enough 
that the accuracy of the thickneSS or endpoint measurement 
being made falls within acceptable limits. For example, an 
error amount may be defined for a measurement of an eddy 
current Signal. D may be chosen as a distance beyond which 
the eddy current signal generated in conductive parts of the 
System is less than or equal to the error amount. D may be 
chosen in Some other way; for example, as a distance at 
which the magnetic field falls to a certain percentage of the 
maximum value. 

0064 D may depend on a number of factors, including 
the types of conductive materials to be polished, the geom 
etry of the eddy current monitoring System, and the accept 
able contribution to the Sensed signals from Sources other 
than the conductive regions on the layer. For magnetic fields 
more localized in the Substrate region, a Smaller Sensing 
distance may Suffice; for example, the Signal accuracy may 
be acceptable when parts of the carrier head within about a 
tenth of an inch of the Substrate are non-conductive. For 
magnetic fields having an appreciable magnitude beyond the 
Substrate, a larger Sensing distance Such as a Sensing dis 
tance between about one inches and about two inches or 
even greater may be necessary to achieve a desired signal 
accuracy. 

0065 Determining which elements of a chemical 
mechanical polishing System should be non-conductive/non 
magnetic depends on the System being used. Different 
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implementations of carrier heads may have different ele 
ments that may potentially reduce the accuracy of the eddy 
current Sensing System. Referring to FIG. 13, a carrier head 
1300 that may be used in a CMP apparatus such as apparatus 
20 of FIG. 1 includes a housing 1302, a base assembly 1304, 
a gimbal mechanism 1306 (which may be considered part of 
the base assembly), a loading chamber 1308, a retaining ring 
1310, and a substrate backing assembly 1312 which includes 
five pressurizable chambers. A description of a similar 
carrier head may be found in U.S. patent application Ser. No. 
09/712,389, “Multi-Chamber Carrier Head with a Flexible 
Membrane,” filed Nov. 13, 2000, which is hereby incorpo 
rated by reference. 
0.066 The housing 1302 can be generally circular in 
shape and can be connected to the drive shaft 74 of FIG. 1 
to rotate therewith during polishing. A vertical bore 1320 
may be formed through the housing 1302, and five addi 
tional passages 1322 (only two passages are illustrated) may 
extend through the housing 1302 for pneumatic control of 
the carrier head. O-rings 1324 may be used to form fluid 
tight Seals between the passages through the housing and 
passages through the drive shaft. 
0067. The base assembly 1304 is a vertically movable 
assembly located beneath the housing 1302. The base 
assembly 1304 includes a main base portion such as a 
generally rigid annular body 1330, an outer clamp ring 1334, 
and the gimbal mechanism 1306. The gimbal mechanism 
1306 includes a gimbal rod 1336 which slides vertically the 
along bore 1320 to provide vertical motion of the base 
assembly 1304, and a flexure ring 1338 which bends to 
permit the base assembly to pivot with respect to the housing 
1302 so that the retaining ring 1310 may remain substan 
tially parallel with the Surface of the polishing pad. 
0068. The loading chamber 1308 is located between the 
housing 1302 and the base assembly 1304 to apply a load, 
i.e., a downward pressure or weight, to the base assembly 
1304. The vertical position of the base assembly 1304 
relative to the polishing pad 32 of FIG. 1 is also controlled 
by the loading chamber 1308. An inner edge of a generally 
ring-shaped rolling diaphragm 1326 may be clamped to the 
housing 1302 by an inner clamp ring 1328. An outer edge of 
the rolling diaphragm 1326 may be clamped to the base 
assembly 1304 by the outer clamp ring 1334. 
0069. The retaining ring 1310 may be a generally annular 
ring secured at the outer edge of the base assembly 1304. 
When fluid is pumped into the loading chamber 1308 and the 
base assembly 1304 is pushed downwardly, the retaining 
ring 1310 is also pushed downwardly to apply a load to the 
polishing pad 32 of FIG. 1. A bottom surface 1316 of the 
retaining ring 1310 may be substantially flat, or it may have 
a plurality of channels to facilitate transport of Slurry from 
outside the retaining ring to the Substrate. An inner Surface 
1318 of the retaining ring 1310 engages the substrate to 
prevent it from escaping from beneath the carrier head. 
0070 The substrate backing assembly 1312 includes a 
flexible membrane 1340 with a generally flat main portion 
1342 and five concentric annular flaps 1350, 1352, 1354, 
1356, and 1358 extending from the main portion 1342. The 
edge of the outermost flap 1358 is clamped between the base 
assembly 1304 and a first clamp ring 1346. Two other flaps 
1350, 1352 are clamped to the base assembly 1304 by a 
second clamp ring 1347, and the remaining two flaps 1354 
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and 1356 are clamped to the base assembly 1304 by a third 
clamp ring 1348. A lower surface 1344 of the main portion 
1342 provides a mounting Surface for the substrate 10. 
0071. The volume between the base assembly 1304 and 
the internal membrane 1350 that is sealed by the first flap 
1350 provides a first circular pressurizable chamber 1360. 
The volume between the base assembly 1304 and the 
internal membrane 1350 that is sealed between the first flap 
1350 and the second flap 1352 provides a second pressur 
izable annular chamber 1362 surrounding the first chamber 
1360. Similarly, the volume between the second flap 1352 
and the third flap 1354 provides a third pressurizable cham 
ber 1364, the volume between the third flap 1354 and the 
fourth flap 1356 provides a fourth pressurizable chamber 
1366, and the volume between the fourth flap 1356 and the 
fifth flap 1358 provides a fifth pressurizable chamber 1368. 
As illustrated, the outermost chamber 1368 is the narrowest 
chamber. In fact, the chambers 1352, 1354, 1356 and 1358 
can be configured to be Successively narrower. 
0072 Each chamber can be fluidly coupled by passages 
through the base assembly 1304 and housing 1302 to an 
asSociated pressure Source, Such as a pump or preSSure or 
Vacuum line. One or more passages from the base assembly 
1304 can be linked to passages in the housing by flexible 
tubing that extends inside the loading chamber 1308 or 
outside the carrier head. Thus, pressurization of each cham 
ber, and the force applied by the associated Segment of the 
main portion 1342 of the flexible membrane 1340 on the 
Substrate, can be independently controlled. This permits 
different pressures to be applied to different radial regions of 
the Substrate during polishing, thereby compensating for 
non-uniform polishing rates caused by other factors or for 
non-uniform thickness of the incoming Substrate. 
0073. Depending on the design of the eddy current sens 
ing System, one or more parts of a carrier head Such as 
carrier head 1300 of FIG. 13 may contribute to the received 
Signal, and therefore affect the accuracy of the reading. In 
order to prevent Such effects, elements of the chemical 
mechanical polishing apparatus which may produce eddy 
currents in response to the drive Signal of the eddy current 
Sensing System may be non-conductive and non-magnetic 
(i.e., have a high resistivity and a low magnetic permeabil 
ity). 
0074 Conductive/magnetic elements of carrier head 
1300 in higher field regions may provide a greater contri 
bution to the received signal. Those elements that are leSS 
resistive (e.g., fabricated from a material with a lower 
resistivity and/or having a shorter length/Smaller croSS Sec 
tional area for current flow) may provide a greater contri 
bution to the received signal, as may those elements having 
a greater magnetic permeability. Therefore, elements of 
carrier head 1300 that are closer to Substrate 10 and/or are 
larger may be fabricated from a non-conductive material to 
improve the ability of the eddy current Sensing System to 
reflect changes in one or more conductive regions on a 
Substrate. 

0075. In some implementations, the eddy current signal 
may be sufficiently improved by fabricating elements of 
carrier 1300 using semiconductive materials such as silicon 
or Semi-conductive ceramics. Additionally, in Some imple 
mentations replacing conductive, magnetic parts with con 
ductive non-magnetic parts may provide a significant Signal 
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improvement. For example, Some Stainless Steel parts made 
from an alloy with a non-negligible magnetic permeability 
may be replaced by aluminum parts. Although the resistivity 
of aluminum is lower than Stainless Steel, aluminum is 
non-magnetic and generally has a leSS detrimental effect on 
the measured signal. 
0.076. In FIG. 13, some or all of the elements comprising 
base assembly 1304 may be non-conductive. Some or all of 
gimbal mechanism 1306 may be non-conductive. Addition 
ally, some or all of housing 1302 may be non-conductive. 
Some or all fasteners (e.g., bolts) for assembling carrier 
1300 (not shown in FIG. 13), such as the fasteners that 
secure the retaining ring 1310 to the base 1304, as well as 
supports for membrane 1340 may be non-conductive. 
0.077 Providing non-conductive/non-magnetic fasteners 
may eliminate irregular noise termed “Screw bump' noise. A 
particular fastener may contribute to the Sensed Signal in 
Scans where the Sensor Scans under the Screw, but not in 
other Scans. Whether or not a particular fastener contributes 
to the Signal depends on the geometry of the System, the 
rotational Speed of the platen/head, and the head Sweep. A 
Screw bump is particularly problematic, because it may be 
confused with a signal caused by a locally thicker copper 
layer. 
0078 For a particular implementation of a chemical 
mechanical polishing System with an eddy current monitor 
ing System, a minimum distance Such as the Sensing distance 
D discussed above may be determined, where unshielded 
conductive elements within the minimum distance of the 
eddy current monitoring System will detrimentally contrib 
ute to the eddy current Signal. Although D was defined in 
terms of a distance from a Surface of the Sensing core, the 
minimum distance could alternately be Stated in terms of the 
distance from the bottom of the flexible membrane (which is 
about equal to the distance from a conductive region on the 
wafer during polishing of the conductive region). 
0079 AS mentioned above, some carrier head assemblies 
include a plate or ring behind a flexible membrane that holds 
a Substrate to the polishing pad, where the plate may be 
perforated. The plate is generally close to the Substrate 
during processing (e.g., in Some implementations it is right 
behind the flexible membrane; in others, within about one or 
two inches of the substrate). If the plate is fabricated from 
a conductive material, it may be a Source of inaccuracy in the 
Sensed eddy current Signal. Therefore, fabricating Such a 
plate from a non-conductive material may allow for more 
accurate determination of the eddy current generated in the 
conductive regions on the Substrate. Additionally, Some 
carrier head assemblies include conductive fasteners, even 
for non-conductive parts of the carrier head. For example, 
retaining rings similar to retaining ring 1310 of FIG. 13 may 
be fabricated using a non-conductive material Such as a hard 
plastic, for reasons unrelated to eddy current Sensing. How 
ever, retaining rings are generally mounted to the carrier 
head using conductive fasteners (not shown). Providing a 
non-conductive fastener may improve the accuracy of the 
eddy current Sensing System. 
0080. In other implementations of carrier heads, other 
elements may be proximate to a Substrate being polished, 
and therefore (if conductive) may provide an unwanted 
contribution to a Sensed Signal for an eddy current monitor 
ing System. Referring to FIG. 14, an implementation of a 
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carrier head 1400 is shown. A description of a similar carrier 
head may be found in U.S. Pat. No. 6,056,632, filed Oct. 9, 
1998, issued May 2, 2000, which is hereby incorporated by 
reference. Carrier head 1400 includes a carrier plate 1410 
proximate to a substrate being polished. Carrier head 1400 
also includes fastenerS Such as fastener 1442, conduit fas 
teners 1431, and fasteners 1448 that are proximate to a 
Substrate being polished. Conductive plates and fasteners 
may affect the ability of a eddy current Sensing System to 
accurately reflect changes in a conductive layer on a wafer. 
Carrier plate 1410, which is both close to the wafer and of 
a shape and size to produce Significant eddy currents under 
the influence of a changing magnetic field, may be fabricated 
using a non-conductive material for improved eddy current 
sensing. Further, fasteners 1442, 1431, and 1448 may con 
tribute to the eddy current signal if they are conductive. 
Signal improvement may be obtained by fabricating fasten 
ers 1442, 1431, and 1448 using a non-conductive material. 
0081 Referring to FIG. 15, a carrier head 1500 includes 
a carrier body 1526 proximate to a substrate being polished. 
A similar carrier head is described in U.S. Pat. No. 6,443, 
820, which is hereby incorporated by reference. Like carrier 
plate 1410 of FIG. 14, carrier body 1526 is both close to the 
wafer and of a shape and size to produce Significant eddy 
currents under the influence of a changing magnetic field. 
Carrier head 1500 also includes a number of fastenerS Such 
as fasteners 1510 which may affect eddy current sensing if 
they are conductive and/or magnetic. 
0082 FIG. 16 shows a plot of eddy current signal versus 
time as two different versions of a chemical mechanical 
polishing System remove a thick copper layer from a wafer. 
The first version includes a head with metal parts with a 
non-negligible magnetic permeability, while the Second Ver 
Sion includes a head with non-conductive, non-magnetic 
parts. Non-conductive/non-magnetic materials that may be 
used include plastics Such as teflon and peek, aluminum 
(which may be electropolished and/or anodized), and non 
magnetic Steel. Many other materials may be used. 
0083. The difference in the sensed signal for the second 
version, denoted as A2, is much larger than the Signal 
difference for the first version, denoted as A1. The metal 
parts, which are both conductive and magnetic, introduce a 
large background in the measured signal. Thus, the Sensi 
tivity of the eddy current Sensing System in the first version 
is Significantly less than the Sensitivity in the Second version. 
0084. A number of implementations have been described. 
Nevertheless, it will be understood that various modifica 
tions may be made without departing from the Spirit and 
Scope of the invention. For example, different implementa 
tions of carrier heads and eddy current Sensing Systems may 
be used. Fabricating elements of the carrier head or other 
part of the chemical mechanical polishing apparatus from 
non-conductive materials. Such as plastics or ceramics may 
improve the accuracy of the eddy current Sensing System. 
Accordingly, other embodiments are within the Scope of the 
following claims. 

What is claimed is: 
1. A carrier head, comprising: 
a Substrate backing assembly having non-conductive rigid 

components, the Substrate backing assembly to provide 
a mounting Surface for a Substrate to be polished. 
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2. The carrier head of claim 1, further comprising a base 
assembly coupled with the Substrate backing assembly, 
wherein components of the base assembly with at least a 
portion positioned within a Sensing distance of the mounting 
Surface are non-conductive. 

3. The carrier head of claim 2, wherein the Sensing 
distance is between about one tenth of an inch and about two 
inches. 

4. The carrier head of claim 2, wherein the base assembly 
includes a non-conductive gimbal mechanism to permit the 
base assembly to move with respect to a housing. 

5. The carrier head of claim 1, further including a non 
conductive retaining ring Secured to the base assembly with 
one or more non-magnetic fastenerS. 

6. The carrier head of claim 5, wherein the non-magnetic 
fasteners are also non-conductive. 

7. The carrier head of claim 1, wherein the non-conduc 
tive rigid components are also non-magnetic. 

8. The carrier head of claim 1, wherein the Substrate 
backing assembly includes a non-conductive plate proxi 
mate to an upper Surface of a flexible membrane. 

9. The carrier head of claim 8, wherein the non-conduc 
tive plate is Selected from the group consisting of a plastic 
plate and a ceramic plate. 

10. The carrier head of claim 1, wherein the Substrate 
backing assembly includes a flexible membrane and one or 
more clamp rings. 

11. The carrier head of claim 1, further comprising a 
housing coupled with the Substrate backing assembly via a 
base assembly, wherein components of the housing with at 
least a portion positioned within a Sensing distance of the 
mounting Surface are nonconductive. 

12. The carrier head of claim 11, wherein the Sensing 
distance is about one tenth of an inch. 

13. The carrier head of claim 11, wherein the sensing 
distance is between about one tenth of an inch and about two 
inches. 

14. A carrier head comprising: 
a housing to be Secured to a drive shaft, the housing 

including one or more housing elements, 
a base assembly, the base assembly including one or more 

base elements, the one or more base elements including 
means for permitting the base assembly to move with 
respect to the housing, and 

a flexible membrane Secured to the base assembly, the 
flexible membrane having a lower Surface that provides 
a Substrate-mounting Surface, and wherein the base 
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elements having at least a portion within a minimum 
distance of the lower Surface are non-conductive, and 
further wherein the housing elements having at least a 
portion within the minimum distance are non-conduc 
tive. 

15. The carrier head of claim 14, wherein the minimum 
distance is about one tenth of an inch. 

16. The carrier head of claim 14, wherein the minimum 
distance is between about one tenth of an inch and about two 
inches. 

17. A polishing System, comprising: 
a polishing pad having a polishing Surface; 
a carrier to hold a Substrate against the polishing Surface 

of the polishing pad; and 
an eddy current monitoring System including an induction 

coil positioned on a side of the polishing Surface 
opposite the Substrate, the induction coil to generate a 
magnetic field through the pad into a Sensing region of 
the System, wherein components of the polishing Sys 
tem with at least a portion positioned within a Sensing 
distance of the polishing pad in the Sensing region are 
nonconductive. 

18. The system of claim 17, wherein the sensing distance 
is between about one tenth of an inch and about two inches. 

19. The system of claim 17, wherein, in response to 
generating the magnetic field, the eddy current monitoring 
System is to receive an eddy current Signal from one or more 
conductive regions on the Substrate, an eddy current signal 
from one or more conductive components of the System in 
the Sensing region, and a noise Signal, and wherein the 
Sensing distance is a distance beyond which the eddy current 
Signal from the one or more conductive components of the 
System in the Sensing region is not discernible over other 
noise Signal. 

20. The system of claim 17, wherein, in response to 
generating the magnetic field, the eddy current monitoring 
System is to receive an eddy current Signal from one or more 
conductive regions on the Substrate and an eddy current 
Signal from one or more conductive components of the 
System in the Sensing region, and wherein the Sensing 
distance is a distance beyond which the eddy current Signal 
from the one or more conductive components of the System 
in the Sensing region is about equal to or less than an error 
amount corresponding to an acceptable amount of Signal 
inaccuracy. 


